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[57] ABSTRACT 

A hydraulic emergency control for changing the hydraulic 
oil pressure in the hydraulic conical pulley axial adjustment 
mechanism of a continuously variable transmission (10) for 
varying the clamping force ratio has a pump (20) in an open 
hydraulic circuit that supplies the respective piston cham- 
bers (17, 13) of the secondary and primary axial adjustment 
mechanisms with hydraulic oil. The primary and secondary 
oil pressures are regulated by separate oil pressure limiting 
valves (30, 40). At least one throttle valve (51) is arranged 
between the pump (20) and the output pipe (92) of the open 
hydraulic circuit, at a point where the pump volumetric flow 
can be influenced. The hydraulic emergency control allows 
a starting transmission ratio to be set in a low range when 
starting the vehicle, whereas a very small reduction ratio is 
selected at a high driving speed and at light throttle. 

16 Claims, 7 Drawing Sheets 
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HYDRAULIC EMERGENCY CONTROL FOR 
CHANGING HYDRAULIC OIL PRESSURE IN 
THE HYDRAULIC CONICAL PULLEY 
AXIAL ADJUSTMENT MECHANISM OF A 
CONTINUOUSLY VARIABLE 
TRANSMISSION FOR VARYING THE 
CLAMPING FORCE RATIO 

BACKGROUND OF THE INVENTION 
The invention relates to a hydraulic emergency control. 
A hydraulic emergency control for an electronically 
controlled, continuously variable transmission 
(continuously variable transmission, CVT) is described in 
DE-42 34 103 Al. The CVT transmission which is prefer- 
ably employed in motor vehicles, has a control for emer- 
gency driving operations which, when the electrical control 
of normal driving operations fails, causes a switching posi- 
tion with a high gear ratio in order to provide more advan- 
tageous restart and start-up conditions. Among other things, 
the ratio of primary to secondary clamping force between 
the pulling means and the pairs of beveled disks is main- 
tained constant by means of this control through an inter- 
mediate gear range. In the intermediate gear range the gear 
ratio changes as a function of the torque requirements of the 
power take-off shaft. With a high demand a high gear ratio 
is selected, while a low gear ratio is set with a low demand. 
The means required for this are recited in the description of 
FIGS. 1 and 2. 

SUMMARY OF THE INVENTION 

The hydraulic emergency control in accordance with the 
invention is needed in order to be able to utilize a continu- 
ously transmitting looped gear without the aid of an elec- 
trohydraulic actuator, which is active in normal driving 
operations, over the entire gear range. It is intended by 
means of the hydraulic emergency control to set a start-up 
gear ratio in the low range when a vehicle is started, for 
example to allow a start up on a hill or out of an underground 
garage. The emergency control is also intended to set a gear 
ratio in the overdrive range at high driving speeds and low 
engine torque. A benefit of this is for one, that the maximum 
speed can also be attained in an emergency driving operation 
and, for another, overspeeding of the engine when the 
electronic actuator fails under maximum speed is prevented. 

With the hydraulic emergency control in accordance with 
the invention, the clamping force ratio is varied as a function 
of the conveyed pump volume flow or the engine rpm. To 
this end at least one flow control valve is arranged in an open 
hydraulic circuit for supplying the respective piston cham- 
bers of the secondary and primary axial adjustment devices. 
Viewed in the flow direction of the pressure medium, the 
individual flow control valve is located at a place where the 
pump volume flow is affected between the hydraulic 
pump — which for example is driven by the vehicle engine — 
and the outlet from this open hydraulic circuit. The volume 
flow-dependent pressure change, which results al the respec- 
tive flow control valve, changes the contact pressure in the 
corresponding pair of beveled disks. 

Flow control valves are provided, with whose aid the 
primary clamping force is changed, while the flow control 
valves vary the clamping force in the secondary disk set. 

Among other things, the remaining claims describe indi- 
vidual special arrangements for the flow control valves in 
connection with the pressure limiting valves and other 
control flow valves. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Several exemplary embodiments of the invention, besides 
the prior art, are schematically represented in the drawings 
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in the form of hydraulic circuit diagrams and will be 
explained in more detail in the following drawing descrip- 
tion also with the aid of a simplified or ideally represented 
diagram. Shown are in: 

5 FIG. 1, a clamping force ratio diagram, 

FIG. 2, a hydraulic circuit diagram for a rigid setting of a 
preselected clamping force ratio, 

FIG. 3, a hydraulic circuit diagram for a variable setting 

0 of the clamping force conditions by raising the primary 
pressure, 

FIG. 4, a hydraulic circuit diagram as in FIG. 3 with a 
flow control valve in the outlet area, 

FiG. 5, a hydraulic circuit diagram for a variable setting 
15 of the clamping force conditions by lowering the secondary 
pressure, 

FIG. 6, a hydraulic circuit diagram as in FIG. 5 with a 
separate flow control valve in the primary line and, 

FIG. 7, a hydraulic circuit diagram as in FIG. 6 with 
20 electrical switching from the normal driving operation to 
emergency driving operation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

FIG. 2 shows a detail of a hydraulic circuit diagram, 
corresponding to the prior art, for controlling the hydraulic 
fluid pressures of the pressure cylinders on the drive and 
driven sides of a continuously transmitting looped gear. The 

30 known continuously transmitting looped gear (10) includes 
two pairs of beveled disks between which a transfer means 
(14), such as a thrust link belt, a chain, a V-belt or the like, 
is disposed. Both pairs of beveled disks respectively consist 
of two beveled disks (11, 12; 15, 16), which are embodied 

35 so that they can be hydraulically braced against one another. 
The piston and cylinder parts required for this purpose are 
preferably integrated with at least one part of the beveled 
disks. The piston chambers enclosed by these parts are the 
piston chamber (13) on the primary side, and on the sec- 
ondary side the piston chamber (17). They are acted upon in 
accordance with the gear ratio to be established with the 
operating pressure required for this. 

FIG. 1 contains a diagram in which the ratio of the 
clamping force of the primary cylinder and the clamping 

45 force of the secondary cylinder over the gear ratio i of the 
looped gear has been schematically plotted. The gear ratio 
has-been plotted on the abscissa of the diagram rising 
toward the right. As a rule, the maximum gear ratio, indi- 
cated by "low", is used for starting the vehicle up, while the 

50 minimum gear ratio, indicated by "overdrive", corresponds 
to the highest gear. The upper curve 1 spanning the entire 
gear range, indicates the clamping force conditions required 
for transmitting the torque at full load operation. The lower 
curve 2, which also spans the entire gear range, indicates the 

55 clamping force conditions required for a torque of almost 
zero to be transmitted. 

For obtaining the required clamping forces at the pairs of 
beveled disks (11, 12) and (15, 16), a known hydraulic 
circuit represented in FIG. 2 is used, for example. On the one 

60 hand a pump (20) directly supplies the piston chamber (17) 
on the secondary side via a secondary line (71). On the other 
hand, with the interposition of a pressure control valve (30) 
it conveys hydraulic fluid via the lines (72) and (73) into the 
primary line (74). through which the primary piston cham- 

65 ber (13) is supplied. A continuing tine (75) branches off at 
the connecting point between the lines (73) and (74), which 
makes a transition via a further pressure control valve (40) 
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into the outgoing line (92). The entire amount conveyed by equipped with a variable flow control cross section. The 

the pump and not required for the beveled disk displacement rising characteristic line of the regulating spring (45) of the 

flows through the two pressure control valves (30) and (40) pressure control valve (40) can also lead to a pressure 

at a relatively low pressure into the line (92), from where it increase with an increasing opening cross section, 
is available for other gear functions, such as clutch actuation 5 In FIG. 4 a flow control valve (52) is arranged in the 

and lubrication. The pressure from the pump (20) or the outgoing line (92). The pressure on the outflow side in the 

secondary line (71) to the line (92) is reduced in steps by line section (93) located between the pressure control valve 

means of the pressure control valves (30) and (40), because (40) and the flow control valve (52) is returned via a control 

of which a constant clamping force ratio K^/K^ in accor- line (42) to the pressure control valve (40) and acts parallel 

dance with the horizontal line 3 results in the diagram of to in respect to the regulating spring (45). The spring ratio of 

FIG, 1. In this case "K p " is the clamping force on the the regulating spring (45) is designed to be sufficiently low 

primary side, while * l K s n represents the clamping force on so that it is possible to start up at a relatively low clamping 

the secondary side. Therefore a ratio change in accordance force ratio, see line 4 in the diagram in FIG. 1. The sum of 

with the course of the line 3 is only possible to a limited the spring force of the regulating spring (45) and of the 

degree. If, for example, the gear input torque is raised from 15 product of the pressure in the control line (42) and the 

zero to the maximum value, the gear ratio is changed from corresponding piston or slider surface in the pressure control 

almost "overdrive" to a ratio near u low". valve (40) causes a rise in the clamping force ratio to the line 

The lines, valves and flow control points are represented 5 with increasing engine rpm by means of the changing of 

in relation to the piston chambers on the primary and & e valve (40). 

secondary side in the exemplary embodiments shown. It is 20 A lowering of the secondary pressure in the piston cham- 

of course also conceivable to interchange the secondary side ber (17) is caused by means of the hydraulic circuit diagram 

with the primary side. in FIG. 5. To this end a flow control valve (61) is arranged 

wj... < I j •* . . , , in the line (70) between the pump (20) and the branch of the 

Individual hydraulic circuits are represented in FIGS. 3 to , \. ' ^ i , /* A \ .a 

- ... . , f rt A i - , _ l secondary line (71). The pressure control valve (30) seated 

7, with whose aid the clamping force conditions can be , 7 r v L ' i . „ , . >, \ . , 

changed in such a way that the enlire transmission range can 25 ^stream of the branch * controlled on its side located 
also be used in emergency driving operations. To this end at the regulatmg spring (35) by * control bnc (32), 

least one flow control valve (51 52; 61 to 63) has been " h * h 'aps 'he pressure from the me (70) between the pump 

'.uj u. .u A <u (20) and the flow control valve (61). With this variant it is 

installed or switched m between the pump (20) and the v ' , . 4 t . a v ' , , . , 

*• * i* /n-»\ ,u ■ l * l *l i ■ r possible to integrate a further flow control valve into the line 
continuing line (92), through which the clamping force ratio _ tU a a lU f 

frr' • • i xl * ■ r ■ A 30 (75). By means of this the dependency on the engine rpm of 

KJ¥L is changed as a function of the engine rpm. Asa Y ' 7 • i_ • . u L .u • a 

p • f . . . - 4 - , , j the pressure in the piston chamber (13) on the primary side 

prerequisite for this it is necessary that the amount conveyed . . F F v 7 r j 

is increased 

by the pump (20) steadily increases with increasing engine c t_ ^ ^ . ■ 

n a **ua .i ■ t l-1 ■„ A further variation of the secondary pressure reduction is 

rpm. The pressure drop p at the flow control point, which is . J K . 

a function of the volume flow, is then calculated by means ^presented in FIGS. 6 and 7. Witbthe circuit for emergency 

of the Hagen-Poiseuille Law (1) or, following 35 driving operations represented in FIG. 6, the pump (20) first 

.ransformation, from the equation (2): su PP h6S lhc ^ l0 " ci }™ bel < 17 > °° . th , e T^*7t^ 

^ v ' a flow control valve (62), integrated into the line (170), and 

Q-a-A-Vfa-pJ/oW (l) via the line (171). A line (180), in which a flow control valve 

(140) is arranged, branches off the line (180). A line (174) 

P-Pi-P2-{°<f)K2<* 2 A 2 ) (2) ^ i eads from tne valve ( 140 ) to the piston chamber (13) on the 

^ tn primary side. The valve (140) is a continuously throttling 

a- Flow-throufih coefficient 3/2_wav valve with a spring reset on lhe left side and a 

" . i, . control line (141) connected to the right side. The latter is 

A: Cross-section flow control surface connected to the primary line (174). 

o: Hydraulic fluid density 45 Aline (172) leading via a pressure control valve (130) into 

Q: Volume flow a \[ nt (192) branches off between the lines (170) and 

pj, p 2 : Pressure upstream and downstream of the flow (171).The pressure control valve (130) is supplied from the 

control valve line (170) via a control line (132). Here, the control line is 

The pressure rise p is used to either raise the primary connected between the pump (20) and the flow control valve 

clamping force K p as a function of the amount conveyed by 50 (62). The pressure control valve (130) directly lowers the 

the pump or to correspondingly lower the secondary clamp- secondary pressure in the line (172) to a lower intermediate 

ing force K f , or to raise the primary clamping force K p and pressure level in the line (192). 

to lower the secondary clamping force K s . As a result of this, The primary pressure is set by means of the flow control 

a clamping force ratio K. p /K s occurs at low engine rpm valve (140). With low primary pressure in the piston cham- 

which lies on the level of the line 4 in the diagram of FIG. 55 ber (13), the restoring spring (145) maintains the slider of 

L By means of this a gear ratio in the low range is already the flow control valves (140) in the position I, so that the 

set when starting up. With high engine rpm a clamping force secondary line ( 17 1) is connected via the line (180) with the 

ratio at the level of the line 5 occurs, so that gear ratios in primary line (174). But with high pressure in the piston 

the entire overdrive range are possible. chamber (13) hydraulic fluid flows via the control line (141) 

A first variant for varying the clamping force ratio 60 to the flow control valve (140) and moves its slider in the 

is represented in FIG. 3. In contrast to the known hydraulic opposite direction, i.e. into the position 2. Now hydraulic 

circuit diagram in FIG. 2, a flow control valve (51) is fluid coming from the piston chamber (13) flows off into the 

arranged in the line (7) in FIG. 3. By means of this flow reservoir. 

control valve the limit pressure set on the primary side by The circuit principle for emergency driving operations in 

means of the pressure control valve (40) is additionally 6.s FIG. 6 is again represented in FIG. 7. However, additional 

raised by p, which is a function of the pump volume flow or means are provided in FIG. 7, which permit the switching 

of the engine rpm. The flow control valve (51) can also be from normal driving operations to emergency driving opcra- 
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• tions. To this end a 5/2-way valve (110) has been installed 

in the line (170) between the branch for the control line 
(132) of the pressure control valve (130) and the branch of 
the secondary line (171). On its one side, the 5/2-way valve 
(110) has a restoring spring, and on its other side an 
electromagnetic actuator (113) which can be adjusted, if 
necessary. In its switching position 1, which the valve takes 
up during emergency driving operations, for example in case 
of an outage of the electrical actuator, on the one hand the 
pressure medium flow from the line (170) to the line (172) 
is controlled by means of the flow control point (63) 
integrated into the directionl control valve. On the other 
hand, the control line (141) branching off the primary line 
(174) is connected with the control line (142) for the flow 
control valve (140). The fifth connection on the flow control 
valve (140) leads back to the reservoir. 

During normal driving operations, the 5/2-way valve 
(110) takes up the position 2. By means of this the line (170) 
is switched to uncontrolled flow, the control line (141) is 
blocked and the control line (142) is relieved into the 
reservoir. 

Furthermore, the pressure control valve (130) is equipped 
with an electrical actuator (133), adjustable for example. 
The latter is provided with current during normal driving 
operations, by means of which the pressure in the line (172) 
located upstream of the pressure control valve (130) is 
regulated to a pressure level required for normal driving 
operations. 

The flow control valve (140) is also equipped with an 
electromagnetic actuator (143), adjustable for example. 
Depending on the size of the current in the actuator (143), 
the flow control valve (140) is in the switching position 1 or 
2. In the switching position 1 the line (180) branching off the 
secondary line (171) is connected with the primary line 
(174). In the switching position 2 the primary line (174) is 
relieved into the reservoir and the line (180) is blocked. 
Here, too, current supply :o the actuator (143) is only 
provided during normal driving operations. 

The electrical valve actuators can also be replaced by 
hydraulic pilot valves or other similarly acting means. 

We claim: 

1. A hydraulic emergency control for changing hydraulic 
pressures in hydraulic beveled disk axial displacement 
device of a continuously transmitting looped gear for vary- 
ing clamping forces, the hydraulic emergency control com- 
prising an open hydraulic circuit having a line which con- 
stitutes an outlet; a pump provided in said open hydraulic 
circuit and supplying respective piston chambers of second- 
ary and primary axial adjusting devices with hydraulic fluid; 
separate valves for controlling primary and secondary fluid 
pressure; and at least one flow control valve arranged at a 
location where it affects a pump volume flow between said 
pump and said line constituting an outlet of said open 
hydraulic circuit through which the hydraulic fluid leaves 
said open hydraulic circuit. 

2. A hydraulic emergency control as defined in claim 1, 
wherein said at least one flow control valve is arranged 
between a primary line leading to a piston chamber and a 
pressure control valve. 

3. A hydraulic emergency control as defined in claim 1; 
and further comprising a second valve formed as a differ- 
ential pressure regulator; and a flow control valve arranged 
downstream of said second valve, said second valve having 
a second control line connected to a line section located 
between said second valve and said flow control valve. 
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4. A hydraulic emergency control as defined in claim 1; 
and further comprising a first pressure control valve; and a 
flow control valve arranged in a direction of flow upstream 
of a secondary line leading to a secondary axial adjusting 

5 device and upstream of said first pressure control valve, said 
pressure control valve having a control line connected 
upstream of said flow control valve. 

5. A hydraulic emergency control as defined in claim 4; 
and further comprising a primary line branching off said 

10 secondary line; and a continuously throtting pressure control 
valve having a pressure reducing function and arranged in 
said primary line. 

6. A hydraulic emergency control as defined in claim 4; 
15 and further comprising a further line arranged downstream 

of said first pressure control valve. 

7. A hydraulic emergency control as defined in claim 4; 
and further comprising a primary line leading to a piston 
chamber, and a further line leading to a pressure control 

20 valve, said primary line and said further line being con- 
nected downstream of said first pressure control valve; and 
a further control valve integrated in said further line. 

8. A hydraulic emergency control as defined in claim 1; 
and further comprising an actuating device arranged in at 

25 least a portion of the valves for controlling the fluid pressure, 
so that the valves for controlling the fluid pressure are 
switchable to passage or a preselected pressure limitation 
when making a switching from an emergency driving opera- 
tion to a normal driving operation. 

30 9. A hydraulic emergency control as defined in claim 8, 
wherein said actuating device is an electromagnetic actuat- 
ing device. 

10. A hydraulic emergency control as defined in claim 8, 
35 wherein said actuating device is a hydraulic actuating 

device. 

11. A hydraulic emergency control as defined in claim 1; 
and further comprising an actuating device; a directional 
control valve having a flow control point which is actuatable 

4Q by said actuating device so that during an emergency driving 
operation said directional control valves control a flow 
volume through a line and which switches a control fluid 
flow through control lines to passage, while during a normal 
driving operation said flow control point opens the line, 

45 disconnects one of the control lines from another of the 
control lines, and relieves the other control line in a direction 
of a reservoir. 

12. A hydraulic emergency control as defined in claim 4, 
wherein said first pressure control valve is provided with an 

5Q electromagnetic actuating device. 

13. A hydraulic emergency control as defined in claim 5, 
wherein said continuously throttling pressure control valve 
is provided with an electromagnetic actuating device. 

14. A hydraulic emergency control as defined in claim 1, 
wherein said at least one flow control valve has a variable 
cross-sectional surface. 

15. A hydraulic emergency control as defined in claim 1, 
wherein said valves for controlling the fluid pressure are 
provided with regulating and restoring spring which is 

6Q variable. 

16. A hydraulic emergency control as defined in claim 15, 
wherein said regulating and restoring spring has at least 
partially non-linear characteristic curve. 

***** 
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